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(54) SEMICONDUCTOR DEVICE MANUFACTURING METHOD 

(57)Abstract: 

PURPOSE: To completely remove a contamination 
organic matters on the surface and prevent breakdown 
strength deterioration of the oxidized film by a method 
wherein, after a resist layer formed on a thin oxidized 
film is removed, oxidization treatment is performed to 
the surface of the oxidized film. 
CONSTITUTION: A LOCOS is formed on a p-type 
silicon substrate to define an element region to form a 
gate oxidized film on the element region. After a positive 
resist is applied on the oxidized film, a high frequency 
electric field is applied to introduced oxygen gas with a 
plasma-screening asher to produce an oxygen plasma by 
which the resist is removed. Thereafter, the surface of 
the gate oxidized film is treated with a UV irradiation and 
an 03 introduction. Thus, contamination organic matters 
on the surface can completely be removed and 
breakdown strength deterioration of the oxidized film can 
be prevented. Accordingly, it is possible to enhance the 
manufacturing yield and reliability of the semiconductor 
device. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **5Mc shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the semiconductor device characterized by having the 
resist removal process of removing said resist layer, and the surface treatment process which 
removes the contamination organic substance which remained on said insulator layer front face 
by surface treatment with oxidizing power in the manufacture approach of a semiconductor 
device of removing the resist layer formed on the thin insulator layer. 

[Claim 2] It is the manufacture approach of the semiconductor device characterized by for said 
resist removal process being wet resist removal down stream processing, and said surface 
treatment process being a dry-type surface treatment process with an ion bombardment in the 
manufacture approach of a semiconductor device according to claim 1. 

[Claim 3] It is the manufacture approach of the semiconductor device characterized by for said 
resist removal process being wet resist removal down stream processing, and said surface 
treatment process being a dry-type surface treatment process which introduces oxygen gas or 
ozone gas while irradiating UV light in a clean surface-ed in the manufacture approach of a 
semiconductor device according to claim 1. 

[Claim 4] It is the manufacture approach of the semiconductor device characterized by for said 
resist removal process being dry-type resist removal down stream processing which used a 
plasma electric shielding mold or ozone gas in the manufacture approach of a semiconductor 
device according to claim 1, and said surface treatment process being a dry— type surface 
treatment process with an ion bombardment. 

[Claim 5] It is the manufacture approach of the semiconductor device characterized by for said 
resist removal process being dry-type resist removal down stream processing which used a 
plasma electric shielding mold or ozone gas in the manufacture approach of a semiconductor 
device according to claim 1, and said surface treatment process being a dry-type surface 
treatment process which introduces oxygen gas or ozone gas while irradiating UV light in a clean 
surface-ed. 

[Claim 6] The manufacture approach of the semiconductor device characterized by the 
thickness of said insulator layer being about 20nm or less in the manufacture approach of a 
semiconductor device according to claim 1 to 5. 

[Claim 7] The manufacture approach of the semiconductor device characterized by the heat 
treatment temperature of the electrode formation process following said resist removal process 
being about 600 degrees C or more in the manufacture approach of a semiconductor device 
according to claim 1 to 6. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the resist removal approach of removing the 
resist layer which grew for the mask of impurity diffusion, such as a resist layer formed for 
patterning after the manufacture approach of a semiconductor device, especially growth of thin 
insulator layer about 20nm or less, and an ion implantation. 
[0002] 

[Description of the Prior Art] In recent years, high integration of the device in a semiconductor 
device and detailed-ization progress, and the insulator layer is also thin-film-ized increasingly. 
For example, properties, such as gate dielectric film and a capacitor insulator layer, are very 
important from a viewpoint of the property of a device, and dependability, and it is necessary to 
manufacture them carefully so that it may not be polluted in a production process. 
[0003] After applying a resist layer on gate oxide into the production process of a semiconductor 
device, patterning is carried out, this resist layer is etched as a mask, a resist layer is exfoliated 
after that, and gate oxide may be exposed. For example, it is the case where the gate oxide of 
two kinds of thickness is formed. The production process in this case is shown in drawing 1 . 
[0004] First, the gate oxide 1 2a and 1 2b of thickness p by thermal oxidation is formed to both 
component fields A and B on a silicon substrate 10 ( drawing 1 (a)). Next after applying the 
resist layer 14 to the whole surface, patterning of the resist layer 14 is carried out so that the 
component field B may be exposed ( drawing 1 (b)). Next, etching removal of the gate oxide 12b 
of the component field B is carried out by using this resist layer 14 as a mask ( drawing 1 (c)). 
[0005] Next, the resist layer 14 on the component field A is exfoliated, and the front face of gate 
oxide 1 2a is exposed ( drawing 1 (d)). Next, the thermal oxidation film of thickness q is further 
formed in both component fields A and B by thermal oxidation, gate oxide 12a of thickness p+q is 
formed in the component field A, and gate oxide 12b of thickness q is formed in the component 
field B ( drawing 1 (e)). 

[0006] Then, the device with which properties differ is formed in the component fields A and B 
using the gate oxide 12a and 12b from which these thickness differs. In the process of drawing 1 
(d) which exfoliates the resist layer 14 on the component field A among these processes, the 
front face of gate oxide 12a is polluted, and there is fear. Moreover, a contact hole may be 
formed in gate oxide as other examples. The production process in this case is shown in drawing 
2 . 

[0007] First, the gate oxide 22 by thermal oxidation is formed in the component field on a silicon 
substrate 20 ( drawing 2 (a)). Next, after applying the resist layer 24 to the whole surface, 
patterning of the resist layer 24 is carried out so that silicon substrate 20 front face of a 
contact hole formation field may ****** ( drawing 2 (b)). 

[0008] Next, etching removal of the gate oxide 22 of a component field is carried out by using 
this resist layer 24 as a mask ( drawing 2 (c)). Next, the resist layer 24 on a component field is 
exfoliated, and the front face of gate oxide 22 is exposed ( drawing 2 (d)). Then, a device is 
formed in a component field using gate oxide 22. 

[0009] In the process of drawing 2 (d) which exfoliates the resist layer 24 on a component field 
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among these processes, the front face of gate oxide 22 is polluted and there is fear. 
Conventionally, like drawing 1 (d) and drawing 2 (d). in exfoliating the resist layer on gate oxide, in 
order not to cause destruction of the gate oxide by the contamination or the charge up from 
heavy metal and alkali metal, wet processing which is immersed in a wafer into the mixed liquor 
of a sulfuric acid and hydrogen peroxide solution, and exfoliates a resist layer was performed. 
[0010] 

[Problem(s) to be Solved by the Invention] However, when high integration of a device 
progresses, for example, an insulator layer becomes thin, the organic substance which cannot be 
removed only by the wet processing using a sulfuric acid and hydrogen peroxide solution 
remains, and there is a problem of causing proof-pressure degradation of an insulator layer. That 
is, it found out that this inclination was so remarkable that the yield will fall certainly and the 
thickness of an insulator layer will become thin if wet processing is performed compared with the 
case of being unsettled as shown in drawing 3 . 

[0011] The purpose of this invention is to offer the manufacture approach of the semiconductor 
device which can exfoliate the resist layer formed on a thin oxide film like gate oxide or a 
capacitor insulator layer, without making the organic substance remain. 
[0012] 

[Means for Solving the Problem] The above-mentioned purpose is attained in the manufacture 
approach of a semiconductor device of removing the resist layer formed on the thin insulator 
layer, by the manufacture approach of the semiconductor device characterized by having the 
resist removal process of removing said resist layer, and the surface treatment process which 
removes the contamination organic substance which remained on said insulator layer front face 
by surface treatment with oxidizing power. 

[0013] The manufacture approach of the semiconductor device by this invention is explained 
concretely. The resist exfoliation approach of this invention is divided into two processes of the 
resist removal process of removing a resist layer, and the surface treatment process which 
defecates the front face of the oxide film after resist removal. The approach as a resist removal 
process which cannot introduce the heavy metal contamination in a resist layer into an insulator 
layer is used. That is, how it is an approach to twist an ion bombardment, and process 
temperature is 200 degrees C or less is used by the approach which does not form electric field 
in a wafer front face. 

[0014] For example, the following processings can be considered 

(1) (Example a) H2 S04/H2 02 of a wet process A wafer is made immersed into the 
concentrated solution of 90% or more of wet processings, and the mixed liquor of hydrogen 
peroxide solution, and the resist layer on an insulator layer is removed. 

(b) H2 S04 / 03 A wafer is made immersed into the solution which carried out bubbling of the 
concentrated solution and ozone gas of 90% or more of wet processings, and the resist layer on 
an insulator layer is removed. 

(2) a base [ gas / using Example (a) Rf and microwave power of dry type processing / downflow 
ashing processing ozone (03) ] — CF4 etc. — the mixed gas which added the gas containing a 
fluorine element and the gas containing an OH radical is plasmaHzed with Rf and microwave 
power, the radical and ion which were generated are conveyed using differential pressure, and 
the resist on an insulator layer is removed. 

(b) Convey the ozone plasma which was made to carry out glow discharge of the dry ashing 
processing ozone gas using ozone gas, and generated it in atmospheric air, and remove the resist 
on an insulator layer. 

[001 5] It is 02 and 03. there being an ion bombardment or following UV irradiation on a 
clarification-ed side as a surface treatment process performed after resist removal. The dry 
type processing which introduces gas is used. For example, the following processings can be 
considered. 

(a) 02 Oxygen gas is introduced into a plasma treatment vacuum, high frequency is impressed, 
the oxygen plasma is generated, and an insulator layer front face is purified using this radical and 
ion that were generated. At this time, a charged particle reaches a wafer, and in order to 
electrify a wafer, an ion bombardment generates it The front face of an insulator layer is 
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defecated by **. 

(b) UV light and 03 It is 03. irradiating 180-350nm UV light in the clarification-ed [ processing] 
side using gas. Gas is introduced. 03 Gas is 02. Glow discharge of the gas is carried out in 
atmospheric air, it generates, and this is conveyed to an insulator layer front face. Association of 
a pollutant is cut with high UV light of energy, and it is 03. Gas removes this. Thereby, the front 
face of an insulator layer is defecated. 

[0016] In addition, although this invention has two processes of a resist removal process and a 
surface-preparation process, it is also possible to choose the same processing as a resist 
removal process and a surface-preparation process. In this case, although it is two processes, it 
becomes processing of 1 relation in fact For example, when "UV irradiation and installation of 
03" are chosen as a resist removal process and "UV irradiation and installation of 03" are 
chosen as a surface treatment process, it becomes "installation of UV irradiation and 03 
processing of 1 relation. 

[0017] Moreover, H2 S04/H2 02 conventionally used after the surface treatment process at 
surface washing A wet process (a wafer is immersed into the mixed liquor of a sulfuric acid and 
hydrogen peroxide solution) may be performed. Like the insulator layer used for the capacitor of 
DRAM other than the gate dielectric film of an MOS transistor as an insulator layer set as the 
object of processing, thickness is thin, and moreover, if that pressure-proofing is large is the 
insulator layer demanded, it is applicable to the resist exfoliation on any insulator layers. 
[0018] 

[Function] According to this invention, after removing the resist layer formed on the thin 
insulator layer by the approach heavy metal contamination does not invade into an insulator 
layer, an ion bombardment and UV irradiation can perform a comparatively high energy exposure 
to an insulator layer front face, surface organic substance contamination can be removed 
completely, and proof-pressure degradation of an insulator layer can be prevented. 
[0019] 

[Example] The example of reference, the example, and the example of a comparison of the 
manufacture approach of the semiconductor device by this invention are explained. 
LOCOS was formed on p-type silicon resistivity (cm) substrate of lOohms of the [example 1 of 
reference] (1 00) side, the component field was demarcated and gate oxide with a thickness of 
10nm was formed on the component field. Without performing resist spreading and exfoliation, 
the gate electrode of polycrystalline silicon was immediately formed on gate oxide, and pressure- 
proofing of gate oxide was measured. 

[0020] The histogram of the measured pressure-proofing is shown in drawing 4 (a). All the 
manufactured samples were good pressure-proofing. 

LOCOS was formed on p-type silicon resistivity (cm) substrate of lOohms of a [example 1] (100) 
side, the component field was demarcated and gate oxide with a thickness of lOnm was formed 
on the component field. After impressing high frequency electric field to the introduced oxygen 
gas, and generating the oxygen plasma by plasma electric shielding mold Usher, after applying a 
positive resist with a thickness of about 1 1 0Onm on this gate oxide, and the oxygen plasma's 
removing a resist, it is the front face of gate oxide UV irradiation and 03 It processed by 
installation. Finally, the gate electrode of polycrystalline silicon was formed on gate oxide, and 
pressure-proofing of gate oxide was measured. 

[0021] The histogram of the measured pressure-proofing is shown in drawing 4 (b). All the 
manufactured samples were good pressure-proofing completely like the example 1 ( drawing 4 
(a)) of reference which did not perform resist spreading and exfoliation. 

LOCOS was formed on p-type silicon resistivity (cm) substrate of lOohms of the [example 1 of 
comparison] (100) side, the component field was demarcated and gate oxide with a thickness of 
lOnm was formed on the component field. After applying a positive resist with a thickness of 
about 1 lOOnm on this gate oxide, the silicon substrate was immersed into the mixed liquor of a 
sulfuric acid and hydrogen peroxide solution, and the resist layer was removed (H2 S04/H2 02 
wet processing). Next, the gate electrode of polycrystalline silicon was formed on gate oxide, and 
pressure-proofing of gate oxide was measured. 

[0022] The histogram of the measured pressure-proofing is shown in drawing 4 (c). Compared 
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with the example 1 ( drawing 4 (a)) of reference which did not perform resist spreading and 
exfoliation, pressure-proofing of many samples became low. 

LOCOS was formed on n mold resistivity (cm) silicon substrate of lOohms of the [example 2 of 
reference] (100) side, the component field was demarcated and gate oxide with a thickness of 
lOnm was formed on the component field. Without performing resist spreading and exfoliation, 
the gate electrode of polycrystalline silicon was immediately formed on gate oxide, and pressure- 
proofing of gate oxide was measured. 

[0023] The histogram of the graph which shows the current value change at the time of 
increasing applied voltage, and the measured pressure-proofing is shown in drawing 5 , 
LOCOS was formed on n mold resistivity (cm) silicon substrate of lOohms of a [example 2] (100) 
side, the component field was demarcated and gate oxide with a thickness of 10nm was formed 
on the component field. The positive resist with a thickness of about llOOnm was applied on this 
gate oxide. Next, after immersing the silicon substrate into the mixed liquor of a sulfuric acid and 
hydrogen peroxide solution and removing a resist layer (H2 S04/H2 02 wet processing), only the 
radical was taken out from the oxygen plasma generated in other locations, and processing (UV 
light and 02 downflow processing) which applies on the surface of an oxide film, and is purified 
with UV light was performed Next, the gate electrode of polycrystalline silicon was formed on 
gate oxide, and pressure-proofing of gate oxide was measured. 

[0024] The histogram of the graph which shows the current value change at the time of 
increasing applied voltage, and the measured pressure-proofing is shown in drawing 6 . There 
was no pressure-proof degradation compared with the example 2 ( drawing 5 ) of reference 
which did not perform resist spreading and exfoliation. 

LOCOS was formed on n mold resistivity (cm) silicon substrate of lOohms of the [example 2 of 
comparison] (100) side, the component field was demarcated and gate oxide with a thickness of 
lOnm was formed on the component field. The positive resist with a thickness of about 1 lOOnm 
was applied on this gate oxide. Next, immediately after the silicon substrate was immersed into 
the mixed liquor of a sulfuric acid and hydrogen peroxide solution and removing the resist layer 
(H2 S04/H2 02 wet processing), without performing surface purification processing, the gate 
electrode of polycrystalline silicon was formed on gate oxide, and pressure-proofing of gate 
oxide was measured. 

[0025] The histogram of the graph which shows the current value change at the time of 
increasing applied voltage, and the measured pressure-proofing is shown in drawing 7 . Compared 
with the example 2 ( drawing 5 ) of reference which did not perform resist spreading and 
exfoliation, pressure-proof degradation was remarkable. 
[0026] 

[Effect of the Invention] Since according to this invention the above passage it was made to 
perform processing which has oxidizing power to an oxide film front face after removing the 
resist layer formed on the thin oxide film, the surface contamination organic substance can be 
removed completely and proof-pressure degradation of an oxide film can be prevented. 
Therefore, the yield of a semiconductor device and improvement in dependability can be 
measured 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 5] 
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[Drawing 7] 
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:?"^X-7'S:^L/i^)»®±©US^X h «rl^*^4, 

[00 1 5 3 ui?;^ h^^ftjctf ^^MJaatrgi lt 

^X©J:^»^cji!iS*i^^6n5. 

(a) O, 

C©5I^Ufc^5;'*Jl'-?»-/:i->*m> 
TtftiBtBI^M^HKt-r*. C©^. '^»x->f^{c^§f®e^ 
>!7XwMjmi^;S:^o'5:fcJ«)-^:t>«SI*S|fe 

^-rSo c{cj;«3i^i^M©as»i*^t3n5. 

(b) UVjfeiO^ **X*ffll».5^JiS 
ttSt^ffiKl 8 0~3 5 0 nm©UV7l£*MS=H/^C*S6 

jM-rs. x*ii/+-©?st>uv:}i£t?j^ss!Bse©*s^*w 
t). o, **>^*scn?&K5*-r5. cnKj:»)i(ai»iB©« 

[0016] ^^ttui?:^ M»*Xg«t«B*a 

SXigi(,>^20(DXifi4-5^L'r(,>2.35S, UV:^}-^.^ 

j:mt^m^Tmicmc!im^imri> c t *> PitB-c 

C©«^fCB2 0©Xig-C*5*i|^SS«:{3:0<!:0 

sc*J0©i8is<!:&.5. M;i6i. ui';^ HK^^xficc ru 
vmmto, ©«aj *®irl, «®^xs{c ruv 

ruVMJftO, ©3SAJ «M<!:3&4. 

[0017] mm^mxmcDikic. fse*. ^MiJt 
mcflBt,>e)n-ci.»/cH, so, /H, o, S5^;s!yffi (?s 
i^i3iaKit*s^l7K©^i^4'«:•?x-y^*sa^•rs) * 

^f-5■C^5J:l>. «nffl©*tgii^c-5lte»®<bLr«M0S 
h^>i?;^3»©y-hi»^M©ffiCC. DRAM©+i'-''5 
i^*{Cfflt>P>n'5i»iSilS©J:^{c. /P335*ii< L*ifcl5t 

ite^iaJb©uJ^:^ hiWSIttcfcSffl-cite. 
[0018] 

|fi«tK«cfi^Jlf?^*i«Al/'5:c»75r«-c^ 
{c:J:»)tt:iSfl<JiSi.»x:^;m'-MI**mv «ffi©W«#lr^ 

[0019] 

[^^mi] < 1 00) DlBOpMi"J=i>SS (ffiia* 
1 OQcm) ±fcLOCOS*0)«LT^^«*il3£ 
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L. mT-mm±<icm^ i o nmo^y- hmitm^JtmL 

[0 020] SiJ5eL//tWEE<DbXhi/7A€:S4 (a) 

««i«^i3 (1 00) ffi©pss^y3>g£« (Stt^ 

1 OQcm) ±«CLOCOS^JgfiKL-CfR-T-^*iii5£ 
0. ^^^M^«:J13 1 0 nmoy- hK^tS^mi/ 
fc. C©y- hK{b)aii«:J?3i|(Sj 1 1 0 0 n m<D:^V>m 10 

[0 02 1 }»]5£L/if<:WII©t;^hy7A*S4 (b) 
(04 (a) ) «b^<S«6«:, i!|ffUfc:^-C©SClsf*Ja 20 

[mm 1 ] ( 1 0 0 ) ffi©p (ffija^ 

1 OQcm) ±tCLOCOS4r0fiRUrSS^^*Hi5£ 
L.> ^T-^^JCJIS 1 0 nm©y- hwtim^jfmL 
fc. C©y- hKitJ®±KJ13*5j 110 0 nm©d<t'S 

tti(ci^y3>a«*Sjaurui;'x hJi?r^*L/c (H 
. SO4 /H, o, vmm) . ;?:{c. y-nsft 

)Rl:fC^iSS'> <; 3 >©y- h M«*JfJfi£ L/ , y- h K 

im<mm4:mnotc. 30 

[0 0 2 2 ] j»J5ei/ft:iWII©t;^. hi/5A*04 (c) 
(04 (a) ) iCtt'^X^m.<DW^(Ommffii&<^-:, 

ft, 

[##{«I2 ] (10 0) ®©nM'>"; (»ia^ 
1 OQcm) ±CCLOCOS*?^(i£L■r^g^^Mli^^:®S 
b. «^^^{CJS$ 1 0 nm©y- h^^bK^JfJ^b 
tt. Ui?;^ h^^&RafiiM«rtf'5C<!:i^c< , ig^tcy- 

hK<kjg±fc^iesi' •; 3 >©y- h«s«:}BfiSEb. y 
- h »{bB©WE*aJ5eL. fc. 40 

[0023] EnMiim*itftnUfcti^©fiSSi«©^'(b* 

r. 

[SI«6Cfll2] ( 1 0 0) ®©nM->';3l/SS (ffiCi^ 
1 OQcm) ±{cLOCOS*0fiSOT:3R^«lS*ffi3e 
0. ^T^«S^«CJ93 1 0 nm©y- hwtitmim^Sii, 
It. C®y- hK^bl®±{Ci?$*^ I 1 0 0 n m(D^^i^m 

(H. SO, /H, O, -Jif hftM) a«C. flS©tigf SO 
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w^t^icmitm:<ommicmr:xmtti>fm (uv^fe 
io, a^'i'^^a-Kiai) «rtTofc. ;JtK:. y- hK^b 
iajbKiJ«gH^->y3>©y-hsg=&j^jsSL. y-hK 
im<DmBE=^mmLit. 

[0024] tiiMms.ii^mLitm^<ommm<D^iti 
s^-ry^7isii5eLfcWjE©tx hyvA*06«:^ 

ittmi2i (1 00) iiii©nsi^u3>a« (ffictm 

lOQcm) itcLOCOS^JgfiSL-r^TMJlS^rline 
L. m^mm±tcmS 1 0 nm©y- bM^bM^rJ^fiSC 
It. C©y- hffi^b)e±{C/|E3*«j 1 1 0 Onm<D^iym 

\yiy:x.\'^m^uit. Aic. mmt&m^u<.m7i<i<Dm^ 

(H, so, /H, o, y-mm) mc. mmmt 
9min^cttj:<m.*,ic. y- hM{bM±(c^MSi^ 

U 3 >©y- hSfii*?^JDcU. y- hK^bKOWffiS'J 

[00251 wimEE^i^mvftm^<Dfmm<omiti 

5) K:J;b-<-ciWBE©?e{b6*^-c*ofc. 
[0026] 

[mmos^m] «±©a9. *^w{cj:n«. »c»m<b 

Mite 3 nfcui'x h®*^*t/fct*cc. IJ^blS* 
®{c>FtLrKfb:^j©*Si!!ie^tf ^J:^{cL/c©r« * 
S©??SSWt5^=Sr^:^CC|^5&-r -5 C i d^T ^ . M^bM© 

Wff^{b*Ei5±-rs£;t*ir#s. ufc*Jo-c. ^Hei^* 

[@S©^m^j;^l^] 

[0 1 ] 2«i©iHjp®y- vmitmiB^fi>wt^ 
ffi©xg»risa-c*s. 

[112] y-hM<bM{C3>dri^ h*-;l/*J|^l^-r-5» 

[03 ] WftgBW^tcisy- M$^b)Sffi*Em©lgU? 

fis<i?i4**-r y ^ 7 

[04 ] 1 . mmm i . tbsjw i fc*ji:t*sef4© 

[05] ##{»2K:isC:r^Ent)DSEE»:M-r^«i%ffi©^ 

fb^s^-r y^ 7RafKf4©WBE^?P%5v-r b h y v a 

[06 ] mi&m2 (c4<s(:t'SEnt)n%EE(C)^f^^m%iit©^ 
{b=&^-ry-57RufWf4<DiBK^%^rt:^ h yvA 

■cab*. 

[071 ]mm2icisiiima9EEK.m-i>^m<Dm 

1 0"5'"J3>SS 
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